The essential oils from different parts of Thuja plicata and its cultivar varieties "Fastigiata", "Kornik," and "Zebrina" were analyzed by gas chromatography (GC) and GC/mass spectrometry. More than 80 compounds were identified. The oils from leaves, twigs with leaves, and twigs without leaves contained mainly α-thujone (52.1%-59.2%), fenchone (10.0%-11.3%), and beyerene (3.7%-9.5%), whereas in the cone oil there were α-thujone (35.6%), sabinene (24.0%), and α-pinene (8.3%). The main constituents of the oils from twigs with leaves of "Fastigiata," "Zebrina," and "Kornik" cultivars were α-thujone (76.2%, 72.5%, and 67.4%, respectively) and β-thujone (7.6%, 6.2%, and 4.9%, respectively). The oils from cultivars contained more thujones and less fenchone and diterpenes in comparison with T. plicata oil.
Thuja plicata Donn ex D. Don (T. gigantea Nutt., Cupressaceae), commonly known as western red cedar or giant arborvitae, is a large (50 m height), coniferous tree with a pyramidal habit, horizontal branches, flattened twigs, evergreen, scale-like, aromatic leaves and small cones. The species is native to the Pacific coast of North America. In the 19th century it was introduced to European forests. Its wood is used for timber, mainly to produce outdoor furniture. [1] [2] [3] Many cultivars of T. plicata exist, showing great variation in shape, size, and foliage color. They are widely planted as ornamental trees in parks, and as hedges or screens in domestic gardens. The most popular varieties in Poland are T. plicata "Fastigiata," T. plicata "Kornik," and T. plicata "Zebrina." 1 Essential oil from the foliage of T. plicata (western red cedar leaf oil) is commercially produced in Canada and the United States. It is traditionally used as a natural insect repellent and as a safe, green, broad-spectrum antifungal agent to preserve wood and prevent contamination in buildings. Because of its intensive, pleasant, green-herbal aroma it is used in perfumes, deodorants, room sprays, cleansers, disinfectants, shoe polishes, and skin care cosmetics, such as soaps, hair preparations, and hand creams. There are only a limited number of papers that describe T. plicata essential oil, its chemical composition, [4] [5] [6] [7] [8] [9] [10] and its antimicrobial [9] [10] [11] and anti-inflammatory activities. 12 In all investigated leaf oils no more than 40 components were identified with α-thujone (47.8%-82.5%), β-thujone (6.3%-8.8%), fenchone (0%-15.1%), sabinene (2.3%-6.4%), terpinen-4-ol (1.6%-4.7%), and beyerene (0%-4.6%) as the main constituents. The quantitative composition of the oils varied significantly, depending on the plant origin, 4-7,9,10 age of the tree, 4, 6 and harvest season. 4 The heartwood oil was quite different in composition. It contained mainly C 11 -ester, 1,4-cineole, fenchol, γ-eudesmol, thujic acid and α-, β-and γ-thujaplicin. 8 Our paper presents a detailed chemical composition of the essential oils from twigs with leaves (it is typical source for almost all commercial conifer oils), leaves, twigs without leaves, and cones. This is the first data on the cone oil of this species, as well as oils of its cultivars "Fastigiata," "Kornik," and "Zebrina." The yields (averages of 3 replicates) and chemical composition of the oils are presented in Table 1 . Leaves of T. plicata contained several times more oil than twigs without leaves (0.8% and 0.2%, respectively). Cones contained 1.2% of the oil. "Fastigiata" and "Zebrina" cultivars were about 2 times richer in oil than T. plicata (1.6%, 1.2%, and 0.7%, respectively). More than 80 compounds representing 96% to 99% of the oils were identified, with about 40 for the first time in this species. The composition of the oils from leaves, twigs with leaves, and twigs without leaves of T. plicata were similar. The main constituents of the oils were α-thujone (52.1%-59.2%), fenchone (10.0%-11.3%), and beyerene (3.7-9.5). A few components were present in concentrations of 2%-5%: sabinene, β-thujone, camphor, terpinen-4-ol, and bornyl acetate, while others constituted less than 1%. The oil from cones differed in composition. In comparison with those oils, it contained lower amounts of α-thujone (35.6%), fenchone (3.8%), and beyerene (0.3%), but the amounts of the monoterpene hydrocarbons sabinene (24.0%) and α-pinene (8.3%) were much higher. Additionally, it contained many sesquiterpenes and diterpenes, which were not found in the oil from leaves and twigs. Thus, both leaves and twigs with leaves give oils rich in thujones. The presence of cones in the raw material may reduce the content of thujones in the oil. The oils of "Fastigiata" and "Zebrina" varieties had similar composition with α-thujone (76.2% and 72.5%, respectively), β-thujone (7.6% and 6.2%, respectively), and sabinene (4.8% and 7.1%, respectively) as the main constituents. "Kornik" oil contained α-thujone (67.4%), fenchone (7.5%), and β-thujone (4.9%). The chemical profiles of the oils from twigs with leaves of T. plicata and its cultivars "Fastigiata," "Kornik," and "Zebrina" were comparable having α-thujone as the dominant compound. On the other hand, significant differences between the oils were observed. The oils of "Fastigiata" and "Zebrina" in comparison with T. plicata oil contained more thujones (78%-83% and 57%, respectively) and less fenchone (trace and 11%, respectively) and diterpenes (1% and 8%, respectively).
With regard to the previously reported T. plicata oils, the composition of "Fastigiata" and "Zebrina" oils were similar to that of laboratory distilled Canadian oils [4] [5] [6] and commercial oil from the United States, 7 with high level of α-thujone (72%-82%), no fenchone, and no diterpenes. In turn, the T. plicata oil investigated by us resembled commercial Canadian oil 9 with similar contents of α-thujone (54%), fenchone (15%), and β-thujone (6%-8%), but differed in the content of diterpenes. Such high levels of diterpenes were previously found only in the oil from T. plicata var. "Gracilis." 10 Our investigation showed that the yield and quantitative composition of T. plicata oil depended on the plant organ and variety. Twigs with leaves of T. plicata, particularly from "Fastigiata" and "Zebrina" cultivars, due to their high amount of essential oil and high content of thujones can be a good source of natural thujones for the pharmaceutical and fragrance industries.
Experimental

Plant Material
Thuja plicata Donn ex D. Don and its cultivars "Fastigiata," "Kornik," and "Zebrina" were collected in the Lodz Botanical Garden, Poland, in October 2016. The voucher specimens (Tpl/2016, Tplf/2016, Tplk/2016 and Tplz/2016) have been deposited in the Herbarium of the Institute of General Food Chemistry, Lodz University of Technology.
The fresh branches of T. plicata were divided into twigs with leaves, leaves, twigs without leaves, and cones. These samples of fresh plant material (100.0 g each), as well as twigs with leaves of "Fastigiata," "Kornik," and "Zebrina" cultivars were cut into small pieces (to 0.5 cm long) and separately hydrodistilled in a Clevenger-type apparatus for 3 hours to obtain essential oils. The procedure was replicated 3 times. After decanting and drying over anhydrous MgSO 4 , the oils were stored at low temperature (5°C) before analysis. The oils had pale yellow color and an intensive herbal-camphoraceous aroma.
Analysis of the Essential Oils
The chemical composition of the oils was determined by simultaneous gas chromatography (GC)/flame ionization detection (FID) and GC/mass spectrometry (MS) analyses using an MS-FID splitter (SGE Analytical Science) and a Trace GC ultra gas chromatograph coupled with a DSQ II mass spectrometer (Thermo Electron Corporation). The apparatus was equipped with an apolar capillary column Rtx-1 (dimethylpolysiloxane), 60 m × 0.25 mm × 0.25 µm film thickness (Restek, Bellafonte, PA, USA). The oven temperature was programmed from 50 to 300°C with rises of 4°C/min. Injector temperature was 280°C, detector temperature 300°C, ion source temperature 200°C, carrier gas helium with constant pressure 300 kPa, ionization voltage 70 eV, mass range 33-420 amu.
Identification of components was based on comparison of their retention indices relative to n-alkanes (C 8 -C 26 ) and their mass spectra with those of commercial libraries (MassFinder 3.1, NIST 98.2, Wiley Registry of Mass Spectral Data 8th ed.) and literature. 13 A quantitative analysis (expressed as percentage of each component) was carried out by peak normalization measurement without correction factors.
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